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ABSTRACT 
 
A high-quality nanolayer graphene (NLG) coated hollow 
core fiber (HCF) platform has been demonstrated for 
accurate monitoring of refractive index (RI) changes so 
far mainly operate in liquids but not in air. The NLG with 
high index is deposited on the outer surface of the HCF, 
and an enhanced anti-resonant reflecting guidance is 
formed, which induces sharp periodic lossy dips in the 
transmission spectrum. A cute experiment conducted 
interrogating the transmission intensity of the lossy dip 
demonstrates a high resolution of 2.73×10í6 RIU and a 
sensitivity of -365.9 dB/RIU, which is two or three times 
higher than that of intensity-modulated RI sensors 
reported previously. We believe that this configuration 
opens research directions for highly sensitive sensing in 
researches of chemistry, medicine, and biology. 
Keywords: hollow core fiber, graphene, refractive index 
sensing, air 
 
1. INTRODUCTION 
 
Fiber-optic refractive index (RI) sensors with advantages 
of high sensitivity, low cost and compact size, have been 
employed as gaseous RI measurement. In recent years, 
surface plasma resonance RI sensors [1], grating-based 
RI sensors [2-4], and interferometric RI sensors [5-8], 
have attracted considerable interest. Graphene has 
attracted a great deal of attention on its fundamental 
physics and electronic properties due to its unique 
optical properties, e.g. self-polarization effect, large 
optical absorption, and relative high nonlinearity [9]. 
Therefore, many novel graphene based optical sensors 
have been presented through the combination of 
graphene and optical fiber, such as reduced graphene 
oxide based fiber-optic humidity sensor [10], 
graphene-based interferometer for chemical gas sensing 
[11], and graphene-coated microfiber for high-sensitivity 
gas sensing [12]. 
In this paper, we proposed and experimentally 
demonstrated a high-quality nanolayer graphene (NLG) 
coated a HCF based on the anti-resonant reflecting 
optical waveguide (ARROW), which could be used to 
measure simultaneously surrounding temperature and the 
RI of air. A cute experiment conducted interrogating the 
transmission intensity of the lossy dip demonstrates a 
high resolution of 2.73×10í6 refractive index unit (RIU) 
and a sensitivity of -365.9 dB/RIU, which is two or three 
times higher than that of intensity-modulated RI sensors 
reported previously.  
 
 
2. EXPERIMENT RESULTS 
 
The schematic construction of the hollow core fiber 
(HCF) without coating graphene is shown in Fig. 1, 
which mainly consists of a hollow core (Polymicro 
Technologies, TSP025150) with an inner diameter of 20 
ȝm and a ring-cladding with a thickness of 53 ȝm, the 
optical image for the cross section of which is illustrated 
in the inset. Then the graphene was coated on the outer 
surface of HCF by using Plasma Enhanced Chemical 
Vapor Deposition (PECVD).  
  
Fig.1 The schematic construction of the HCF without 
coating graphene. 
 
Prior to the NLG coated the HCF, the transmission 
spectra are not particularly uniform but appear to include 
other periodic components. We are inclined to explain 
that the existed NLG contributes to exciting the 
dominating anti-resonant reflecting mechanism while 
suppressing the other higher order anti-resonant 
reflecting effects. On the other hand, the NLG fabricated 
by PECVD possesses unique properties compared the 
reduced graphene oxide provided in this reference [10]. 
More interesting, the spectra seem to more uniform with 
more layers of graphene. 
 
 
Fig.2. (a) SEM of NLG coated HCF; (b) Transmission 
spectra of the HCF before and after graphene coating. 
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The gas pressure responses of the proposed sensors were 
tested by means of fixing it into a pressure chamber, 
where a commercial gas pressure generator 
(ZC-YFT-02Q) with a stability of ± 0.2 kPa and a high 
precision digital pressure meter were employed to 
regulate the pressure in the chamber. The applied gas 
pressure in the chamber was increased from 0.1 MPa to 
1.8 MPa at room temperature, and the pressure was 
maintained for 5 min at each step. When the pressure 
increased from 0.1 Mpa to 1.8 Mpa, the ambient air RI 
changed from approximately 1.00026 to 1.00461. Fig. 3 
displays the corresponding evolutions of the 
transmission spectra and amplitude change as a function 
of the surrounding refractive index. A linear regression 
of the raw data yields a sensitivity of 369.5 dB/RIU, 
which is two or three times larger than those (27 dB/RIU 
[13], 94.58 dB/RIU [14], and -110 dB/RIU [15]) of the 
intensity-modulated RI sensors reported previously.  
 
 
Fig. 3. (a) Spectra response of the sensor for different air 
pressure. (b) The wavelength shift and dip intensity of 
the resonance around 1555 nm.  
 
 
3. CONCLUSION 
 
A novel and compact NLG coated HCF sensor was 
demonstrated by means of splicing a section of HCF to 
SMFs. The HCF length was chosen as 3 mm in order to 
achieve a large fringe contrast of up to 15 dB. Such a 
sensor based on intensity modulation exhibits a high 
sensitivity of at the -365.9 dB/RIU at the refractive index 
of 1, which is two or three times higher than that of other 
intensity-modulated RI sensors reported previously. Our 
RI sensor also exhibits the advantages of compact size (3 
mm), simple structure, easy fabrication, and good 
repeatability. However, a complex and large spectrum 
analyzer has to be employed to measure the change of 
the dip intensity in our current experiments, which is 
disadvantageous to RI measurements. So in the practical 
sensing applications, a simple demodulation device 
should be developed to measure the intensity at the dip 
wavelength. 
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